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Horizon 2020
Livingston Curve: Success of RF Accelerators

R. Assmann - IFAST Workshop - 30 March 2022

Master-pieces of technology: LHC, LHC HiLumi, SuperKEKb, DAFNE, LEP, 
LEP-2, Tevatron, HERA, RHIC, SLC, Eu-XFEL, SwissFEL, SACLA, ESRF-EBS, …

Examples of new ideas and 
solutions: RF, AG focusing, beta 
squeeze, stochastic cooling, 
polarized beams,  super-conducting 
magnets/RF, advanced materials for 
vacuum/collimators, plasma / laser 
accelerators, … 

Nobel prize Physics 
2013 Englert/Higgs

3
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Horizon 2020
LHC as a Masterpiece of Accelerator Science

R. Assmann - IFAST Workshop - 30 March 2022

First beam 
10.9. 2008

Higgs
Sem.
4.7.
2012

80 Years after the first RF accelerator in Aachen and 48 Years after Touschek`s e+e- Collider at Frascati

4
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Horizon 2020
The Plasma Accelerator Opportunity

R. Assmann - IFAST Workshop - 30 March 2022

27 km

100 km

100 m à 10 cm

Nobel prize 
Physics 2018
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Horizon 2020
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Horizon 2020
Reminder: The Principle

R. Assmann - IFAST Workshop - 30 March 2022

Overcome high-field limitations of metallic walls with dynamic plasma structures (undestructible)

Ground-breaking idea in 1979 by Tajima and Dawson: Wakefields inside a 
homogenous plasma can convert 

transverse forces into longitudinal accelerating fields 

Options for driving wakefields:

• Lasers: Industrially available, steep progress, path to low cost
Limited energy per drive pulse (up to 50 J)

• Electron bunch: Short bunches (need µm) available, need long RF accelerator
More energy per drive pulse (up to 500 J)

• Proton bunch: Only long (inefficient) bunches, need very long RF accelerator
Maximum energy per drive pulse (up to 100,000 J)

Pondero-
motive force 

of a laser

Space charge force 
of a charged particle 

bunch (e-, p+)
or

Accelerating gradients 
of 10 GeV/m to 
1,000 GeV/m

Wakefield photo courtesy M. Kaluza

Picture from PhD A. Ferran Pousa
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Horizon 2020
Reminder: The Principle

R. Assmann - IFAST Workshop - 30 March 2022

Works the same way with an 
. But then usually lower plasma density.  Ponderomotive

force of laser is then replaced with space charge force of 
electrons on plasma electrons (repelling). 

Internal injection

10
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Horizon 2020
Reminder: The Principle

R. Assmann - IFAST Workshop - 30 March 2022 11

↑ Internal injection
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↑ Internal injection



Horizon 2020
Reminder: The Principle

R. Assmann - IFAST Workshop - 30 March 2022

SMALL DIMENSIONS

13

↑ Internal injection

or particle pulse as driver



Horizon 2020
Reminder: The Principle

R. Assmann - IFAST Workshop - 30 March 2022

SMALL DIMENSIONS

14

↑ External injection



Horizon 2020
Shrinking Down the Bucket Volume

R. Assmann - IFAST Workshop - 30 March 2022 15

↑ Metallic RF regime:

• SRF: High quality, high average power 
acceleration, long trains à CW  

• S/X band: Generate high brightness beams 
for all purposes, ultra-fast science and 
diagnostics, injector for novel accelerators

Novel regime:

• Novel drivers, in particular high tech lasers
for compact photon science and medical 
applications.

• RF beam drivers mainly for HEP or other high 
average power.

• Compact foot-print, low pulse charge, high 
repetition rate.

• Challenges of micro and nano dimensions –
assess with modern tools (synergy with ultra-
fast).



Horizon 2020
Shrinking Down the Bucket Volume

R. Assmann - IFAST Workshop - 30 March 2022 16

↑
• for electrons: factor 109 reduction in volume of

accelerating bucket from S band to plasma
regime

• more difficult to fit high population electron
bunches into small volume – limitations from
various effects, helped by strong focusing for
electrons

• particular problem for an advanced collider: 
luminosity scales with the square of the bunch
charge: limits luminosity and efficiency

• Very critical: Maximum electron charge?
• even much more serious for positrons: even

smaller volume and defocusing problem



Horizon 2020
Timely to Build Something Useful

R. Assmann - IFAST Workshop - 30 March 2022

• Particle accelerators are a fascinating research topic but define 
their purpose through producing usable beams for important 
research or applications.

• RF based particle accelerators serve about 70,000 users in 
science, enabling discoveries, advances in human knowledge.

• Plasma particle accelerators have made great progress but 
have not served in a user facility so far.

• “Emerging since 40 years”: timely to demonstrate first user 
applications before end of 2020`s (within 50 years of idea).

• Basic R&D can continue in parallel but we should focus on 
usable beam.

17↑



Horizon 2020
Not Easy: Plasma Accelerator Builder`s Challenge

R. Assmann - IFAST Workshop - 30 March 2022

§ Match into/out of plasma with beam size ≈1 µm (about 1 
mm beta function). Adiabatic matching (Whittum, 1989).

§ Control offsets between the wakefield driver (laser or 
beam) and the accelerated electron bunch at 1 µm level.

§ Use short bunches (few fs) to minimize energy spread. 

§ Achieve synchronization stability of few fs from injected 
electron bunch to wakefield (energy stability and spread).

§ Control the charge and beam loading to compensate 
energy spread (idea Simon van der Meer).

§ New ideas (see later) for better quality.

§ Develop and demonstrate user readiness of a 5 GeV 
plasma accelerated beam.
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Horizon 2020
For Example: FEL Requirement

R. Assmann - IFAST Workshop - 30 March 2022

FEL 
= 

The Power 
of 

Coherence

Adapted from P. Schmüser

19
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Horizon 2020
FEL Needs High Quality Beam

Plasma accelerators have small dimensions and they have/should have small 
dimensions beams! FEL parameters that are being considered (example): 
l = 4 nm, K = 1, lu = 15mm, slice energy spread 0.025%, E about 1 GeV
Possible beam parameter sets have been worked out. For example:
• Energy: 1 – 5 GeV
• Charge: 10 – 30 pC
• Bunch length rms: 1 µm (about 3 fs)
• Peak current: 2 – 3 kA
• Norm. emittance: 0.2 µm
• Energy spread: 0.2 % (whole bunch)

R. Assmann - IFAST Workshop - 30 March 2022 20
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Horizon 2020
Equal Energy inside Beam à Small Energy Spread

R. Assmann - IFAST Workshop - 30 March 2022

ILC 
TDR Vol. 1

CLIC
CDR Vol. 1

STATE OF THE ART COLLIDER

STATE OF THE ART FEL

STATE OF THE ART PLASMA ACCELERATORS
Efforts to handle large energy spread beams for 
FEL applications à decompression, TGU undulator
(not discussed here)

EuPRAXIA

State of the art in plasma accelerators versus requirements

21
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Horizon 2020
Towards a Plasma Collider

R. Assmann - IFAST Workshop - 30 March 2022

A 1 TeV collider in 10-100 meters? 
Not so easy...

Illustration from PhD A. Ferran
Pousa

23
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Horizon 2020
European Strategy for Particle Physics

R. Assmann - IFAST Workshop - 30 March 2022 24

↑ • The European Strategy for Particle Physics is updated every 5 years in 
a procedure based on wide community input.

• Many of us provided input to this process: 
• Written statements from European Network for Novel 

Accelerators (EuroNNAc), AWAKE, ALEGRO and EuPRAXIA.
• Several talks at meetings.

• Strategy defines future directions and priorities for particle physics in 
Europe and for CERN. Last update: 2020.

• Outcome a great success for advanced accelerators:
• Importance of accelerator R&D in general.
• Explicit mentioning of plasma and laser high gradient 

acceleration.
• Request for accelerator R&D roadmap, adequate resources, 

priorities, deliverables for next decade, synergy with other 
science fields, …
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European Strategy for Particle Physics

R. Assmann - IFAST Workshop - 30 March 2022 25
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Horizon 2020
European Expert Panel Plasma & Laser Acc.

R. Assmann - IFAST Workshop - 30 March 2022 26

↑

Expert Panel – Panel chairs: 
Chair: Ralph Assmann (DESY/INFN)
Deputy Chair: Edda Gschwendtner (CERN)

Panel members: 
Kevin Cassou (IN2P3/IJCLab), Sebastien Corde (IP Paris), Laura Corner ( Liverpool),
Brigitte Cros (CNRS UPSay), Massimo Ferarrio (INFN), Simon Hooker (Oxford),
Rasmus Ischebeck (PSI), Andrea Latina (CERN), Olle Lundh (Lund), Patric Muggli
(MPI Munich), Phi Nghiem (CEA/IRFU), Jens Osterhoff (DESY), Tor Raubenheimer
(SLAC), Arnd Specka (IN2PR/LLR), Jorge Vieira (IST), Matthew Wing (UCL).

Panel associated members: 
Cameron Geddes (LBNL), Mark Hogan (SLAC), Wei Lu (Tsinghua U.) , Pietro 
Musumeci (UCLA) 

Jan 2021 – Feb 2022
Final report: ArXiv & CERN Yellow Report

Defining a European Particle Physics Roadmap for High-Gradient Novel Accelerators



Horizon 2020
European Expert Panel Plasma & Laser Acc.

R. Assmann - IFAST Workshop - 30 March 2022

Report on European Accelerator R&D: Includes detailed discussion on plasma and laser accelerators

http://arxiv.org/abs/2201.07895

27
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Horizon 2020
R&D Paths Plasma Accelerators

R. Assmann - IFAST Workshop - 30 March 2022 28

↑ EuroNNAc Assessment

e- driven PWFA

p+ driven 
PWFA

Power and Efficiency

Can plasma 
accelerators 
deliver peak 
luminosity?

Can plasma 
accelerators 
accelerate 
positrons?

Can plasma 
accelerators 
deliver 
polarized 
beams?

Can plasma 
accelerators 
deliver 
integrated 
luminosity?

€ 

L =
Ne+Ne− fr
4πσ xσ y
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Can we shrink the Linear Collider?

R. Assmann - IFAST Workshop - 30 March 2022

↑ Provide e- and e+ beams in the TeV energy regime and produce > 1034 cm-2 s-1 luminosity

TDR’s
published

TDR to be
worked out

FCC
Future Circular Collider
100 km, e+e-, pp
Technical design to be done

• No fundamental show-stopper but a lot of R&D still required. 
• There can be very interesting and useful interim steps (non-linear QED, fixed target, dark matter, …)
• Devil is in the details! Answer requires detailed simulation, calculations, R&D, designs and tests!
• How and when can we arrive at readiness for for high energy particle physics, e.g. a TeV collider?

from expert panel report
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Can we shrink the Linear Collider?

R. Assmann - IFAST Workshop - 30 March 2022

↑ Provide e- and e+ beams in the TeV energy regime and produce > 1034 cm-2 s-1 luminosity

from expert panel report
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Possible Beam Parameters for High Energies

R. Assmann - IFAST Workshop - 30 March 2022

↑ Situation TODAY:
• Electron beam acceleration in a single stage works with reasonably 

good quality (typically 1-5 GeV HQ energy gain, record 8/30 GeV)
• Electron charge in HQ beam at 10 – 50 pC (record 500 pC beam, few 

100 nC with 100% energy spread). No theoretical solution for 1 nC HQ 
electron beam yet.

• Start to end for 2 electron stages up to 5 GeV and factor 3 reduction
of length.

• Positrons: first acceleration of a few positrons – no theroretical
solution for a positron plasma linac yet. 

• Presently power efficiency low and power consumption high.
• Use case of plasma / dielectric accelerators:

• Compact plasma based FEL
• Low power HEP studies with electron beams (e.g. detector tests)
• Compact or special inexpensive setup cases (standard RF does not 

fit facility or budget)



Horizon 2020
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High Energy Study Case (175 – 190 GeV)

R. Assmann - IFAST Workshop - 30 March 2022

↑

from expert 
panel report

• Size of a 15 GeV advanced
accelerator multi-stage unit
for e-?

• Should be significantly
shorter (less expensive) 
than 250 m CLIC solution.

• Must include in/out-
coupling of driver, focusing, 
stage coupling, diagnostics, 
correctors, …

• No detailed design & 
calculation for advanced
accelerators. Pre-condition
for claiming benefits.
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Low Energy Particle Physics Cases Specified

R. Assmann - IFAST Workshop - 30 March 2022

↑

from expert 
panel report
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Possible Beam Parameters Spreadsheet I

R. Assmann - IFAST Workshop - 30 March 2022

↑

Column 1: CLIC reference
design

Columns 2-4: Advanced collider
sketches

Column 5-6: EuPRAXIA
conceptual design

In next 8 years:
• Up to 3e9 C/s high 

quality beam at up to 5 
GeV?

• Designed with
European laser
industry, RF labs

• Tradeoff with quality: 
can imagine factor 10 
more rate with lower
quality, not much more

0,10%
10,00%
0.01%
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Possible Beam Parameters Spreadsheet II

R. Assmann - IFAST Workshop - 30 March 2022

↑
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Possible Beam Parameters Spreadsheet III

R. Assmann - IFAST Workshop - 30 March 2022
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Realistic Reduction Footprint at 5 GeV

R. Assmann - IFAST Workshop - 30 March 2022

Added value
new Research Infrastructures due to compactness and cost-
efficiency
bringing new capabilities to science, institutes, hospitals, 
universities, industry, developing countries.

RF Accelerators
> 30,000 operational – many serve for Health

30 million Volt  per meter
RF: 90 years of success story for society

Plasma Accelerators
first user facility to be realized

100,000 million Volt  per meter

400 m

60* m

*realistic design including all required 
infrastructure for powering, shielding, …

5 GeV
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Possible Beam Parameters Spreadsheet IV

R. Assmann - IFAST Workshop - 30 March 2022

↑

Plasma-accelerated e- beam in EuPRAXIA presently would enable a collider luminosity of 1.5e29, 
about 5 orders of magnitude below the linear collider goals (ignoring problems on e+, staging). This 
reresents a major advance and success. Clearly, more R&D is required…



Horizon 2020
Plasma and Laser Accelerators for HEP I

• Strong and successful international/European projects and their related coordination bodies exist in this 
area, with multi year programs ahead (“coordination through common multi-lateral projects”):

• EuPRAXIA Research Infrastructure on ESFRI roadmap – building two FEL facilities (one beam / one laser driven 
plasma user facility) – cost 569 M€ – entering preparatory phase with > 1,550 person-months (funding agencies 
advisory body formed as part of EuPRAXIA-PPP) – mainly for applied science users but will demonstrate some 
HEP milestones

• AWAKE collaboration at CERN (AWAKE run 2)
• I.FAST plasma WP6 incl. EU-funded Europ. Network for Novel Accelerators: loose coordination/EAAC since 2011 
• ACHIP collaboration on dielectric accelerators (US and Europe coordinators)

• It is important to ensure full success of those projects: highly visible, will achieve major milestones, will 
demonstrate critical goals relevant for particle physics (steps towards a collider or HEP experiments). 

• To establish usefulness for particle physics collider or HEP experiment, expert panel pointed out as highest 
priority (beyond existing projects and technical/national deliverables) a feasibility study / pre-CDR:

• This is not in the scope of above projects. Needs extra funding, coordination and new structure.
• Conceptual work to be done, for plasmas/dielectrics, theory, simulation plus few demo exp. Includes basic R&D 

on not solved problems for a collider (e.g. positrons). EuPRAXIA, AWAKE, I.FAST, … cannot perform this work.
• Therefore fully support a complementary particle physics based structure for a resource-loaded feasibility study 

for a plasma/dielectric collider and/or particle physics experiment.

R. Assmann - IFAST Workshop - 30 March 2022 39
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Horizon 2020

• On the longer term (beyond pre-CDR) we have included in our report a possible particle 
physics plasma accelerator demonstration facility for the 2030’s:

• Design would be part of the feasibility / pre-CDR study mentioned before
• Expert panel: Too early to propose in detail now (detailed budget, parameters, deliverables, …) but 

important step for the future if feasibility is shown.
• Particle physics plasma accelerator demo facility is clearly out of scope for existing projects. One of 

the European or national projects could develop into the host for this possible facility, if there is 
sufficient support and interest. 

• Requires the same complementary particle physics based structure supported on previous slide.

• EuPRAXIA`s role:
• A number of strong projects are ahead that we must complete successfully, including EuPRAXIA.
• EuPRAXIA will demonstrate high beam quality, 2 stages, 100 Hz operation, stability, user readiness.
• EuPRAXIA will build two FEL`s in Europe, one beam-driven and one laser-driven.
• If it does not work, with all the European excellence connected, a collider will surely also not work. 

Plasma and Laser Accelerators for HEP II

R. Assmann - IFAST Workshop - 30 March 2022 40
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European Plasma Research Accelerator with eXcellence In Applications

European High-Tech Project on Accelerator Innovation

This project has received funding from 
the European Union’s Horizon 2020 
research and innovation programme 
under grant agreement No 653782.

RF Particle Accelerators
> 30,000 operational – many serve for Health

30 million Volt  per meter
RF: 90 years of success story for society

Plasma Particle Accelerators
first user facility to be realized

100 billion Volt  per meter

60 m

400 m

Added value

new RI’s due to compactness and 

cost-efficiency – ultra-fast science

bringing new capabilities to 

institutes, hospitals, universities, 

industry, countries.

High QualityLaser & Industry Plasma Accelerator RF

600+ page CDR, 
240 scientists 

contributed

R. Assmann - IFAST Workshop - 30 March 2022 http://www.eupraxia-project.eu/↑

http://www.eupraxia-project.eu/


Horizon 2020
The EuPRAXIA Project

• First ever design of a plasma accelerator facility.

• Conceptual Design Report for a distributed research 
infrastructure funded by EU Horizon2020 program. 
Completed by 16+25 institutes.

• Challenges addressed by EuPRAXIA since 2015:
• Can plasma accelerators produce usable electron beams?

• For what can we use those beams while we increase the beam 
energy towards HEP and collider usages?

• Next phase consortium with 40 partners + 10 observers.

• Preparatory Phase project: 2022 – 2026 (submitted, to be approved)

• Start of 1st operation: 2028

http://www.eupraxia-project.eu/

R. Assmann - IFAST Workshop - 30 March 2022

600+ page CDR, 240 scientists contributed

43
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Horizon 2020

Consortium
(from 16 to 40 members in new Dec 2020 consortium)

40 Member institutions in:
§ Italy (INFN, CNR, Elettra, ENEA, Sapienza Università di 

Roma, Università degli Studi di Roma “Tor Vergata”)
§ France (CEA, SOLEIL, CNRS)

§ Switzerland (EMPA, Ecole Polytechnique Fédérale de 
Lausanne)

§ Germany (DESY, Ferdinand-Braun-Institut, Fraunhofer 
Institute for Laser Technology, Forschungszentrum Jülich, 
HZDR, KIT, LMU München) 

§ United Kingdom (Imperial College London, Queen’s 
University of Belfast, STFC, University of Liverpool, 
University of Manchester, University of Oxford, University 
of Strathclyde, University of York)

§ Poland (Institute of Plasma Physics and Laser 
Microfusion, Lodz University of Technology, Military 
University of Technology, NCBJ, Warsaw University of 
Technology)

§ Portugal (IST)

§ Hungary (Wigner Research Centre for Physics)
§ Sweden (Lund University)
§ Israel (Hebrew University of Jerusalem)

§ Russia (Institute of Applied Physics, Joint Institute for 
High Temperatures)

§ United States (UCLA) 
§ CERN
§ ELI Beamlines

R. Assmann - IFAST Workshop - 30 March 2022 44

↑

plus Spain & Greece



Horizon 2020

Consortium
(10 observer institutes)

10 Observer institutions in:
§ France (Amplitude Technologies, Thales LAS France SAS)

§ Germany (Helmholtz-Institut Jena) 

§ Poland (University of Warsaw)

§ United States (LBNL)
§ China (Shanghai Jiao Tong University)

§ Japan (Institute for Molecular Science, Osaka University, Kansai 
Photon Science Institute, RIKEN SPring-8 Center)

R. Assmann - IFAST Workshop - 30 March 2022 45
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Horizon 2020

Kick-off meeting at DESY on 
Nov 26th – 27th

Thanks to the
scientists, many
senior European 
leaders helping as
work package
leaders and finding
the solutions

2015 in Hamburg

R. Assmann - IFAST Workshop - 30 March 2022 46
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Horizon 2020

Thanks to the
scientists, many
senior European 
leaders helping as
work package
leaders and finding
the solutions

2016 in Paris

R. Assmann - IFAST Workshop - 30 March 2022 47
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Horizon 2020
The EuPRAXIA Answers

Can plasma accelerators produce usable electron beams?

• Yes, we have designed a EuPRAXIA plasma accelerator facility 
that can produce usable beams.

For what can we use those beams while we increase the beam 
energy towards HEP and collider usages?

• There are several highly attractive use cases, in particular a
compact free-electron laser but also superior X ray medical 
imaging and positron annihilation spectroscopy.

à We are ready to build a first, distributed user facility based 
on plasma accelerators! Proposal to governments and 
European research area.

http://www.eupraxia-project.eu/

600+ page CDR, 240 scientists contributed

R. Assmann - IFAST Workshop - 30 March 2022 48

↑



Horizon 2020
Outline

R. Assmann - IFAST Workshop - 30 March 2022

The Plasma Accelerator Context

The EuPRAXIA Objective

ESFRI and EuPRAXIA

EuPRAXIA as a User Facility

EuPRAXIA Implementation 

EuPRAXIA Innovation

EuPRAXIA ESFRI Features

Towards Particle Physics

Conclusion

49

à

à

à

à

à

à

à

à

à



Horizon 2020

R. Assmann - IFAST Workshop - 30 March 2022EuPRAXIA facility rendering picture

↑
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Horizon 2020
The ESFRI Roadmap

R. Assmann - IFAST Workshop - 30 March 2022

E uropean
S trategy
F orum on 
R esearch
I nfrastructures

EOS = Expression of support
EOC = Expression of commitment

51
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https://roadmap2021.esfri.eu

https://roadmap2021.esfri.eu/


Horizon 2020
Press Release ESFRI 30.6.21 

https://www.esfri.eu/latest-esfri-news/new-ris-roadmap-2021R. Assmann - IFAST Workshop - 30 March 2022 52
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Horizon 2020
First Plasma Accelerator Project on ESFRI

R. Assmann - IFAST Workshop - 30 March 2022 53

↑

https://roadmap2021.esfri.eu

https://roadmap2021.esfri.eu/
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ESFRI Projects Roadmap 2021

R. Assmann - IFAST Workshop - 30 March 2022 54
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ESFRI Projects Roadmap 2021

R. Assmann - IFAST Workshop - 30 March 2022 55
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Horizon 2020
ESFRI Projects Roadmap 2021

R. Assmann - IFAST Workshop - 30 March 2022

• Two new entries in 2021: Einstein Telescope (ET) and EuPRAXIA

• EuPRAXIA is the only accelerator facility selected in the last 5 years

• EuPRAXIA is the first plasma accelerator facility ever included

56

↑ https://roadmap2021.esfri.eu

https://roadmap2021.esfri.eu/


Horizon 2020

ESFRI Landmarks Roadmap 2021
(Physical Sciences & Engineering)

R. Assmann - IFAST Workshop - 30 March 2022 57
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Horizon 2020

•10.1 B€ invest
•730 M€ OP / year

Accelerator
Facilities

•6.0 B€ invest
•197 M€ OP / year

Telescopes

•0.85 B€ invest
•80 M€ OP / year

Laser 
Facilities

(ELI)

•0.19 B€ invest
•100 M€ OP / year

Reactor
neutrons

(ILL)

•0.17 B€ invest
•20 M€ OP / year

Magnet lab 
(EMFL) 

R. Assmann - IFAST Workshop - 30 March 2022
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ESFRI: 17.3 B€ in Physical Sciences & Engineering
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Project Duration (Years)

ESFRI Roadmap 2021
(Physical Sciences & Engineering – Projects Red Triangles)

Average project duration: 12.4 years
Average project cost: 1.08 B€
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Horizon 2020

Putting Projects into Operation
(Physical Sciences & Engineering – Projects Red Triangles)

R. Assmann - IFAST Workshop - 30 March 2022
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Investment
cost
(M€)

Year

Placed on ESFRI Roadmap

Completed 
(after 2022 projection)

•10.1 B€ invest
•730 M€ OP / year

Accelerator
Facilities

•6.0 B€ invest
•197 M€ OP / year

Telescopes

•0.85 B€ invest
•80 M€ OP / year

Laser 
Facilities

(ELI)

•0.19 B€ invest
•100 M€ OP / year

Reactor
neutrons

(ILL)

•0.17 B€ invest
•20 M€ OP / year

Magnet lab 
(EMFL) 

Crucial years for our
field: 2024 – 2027
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Outline
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ESFRI and EuPRAXIA

EuPRAXIA as a User Facility
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EuPRAXIA Innovation
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European Plasma Research Accelerator with eXcellence In Applications

Versatile – Designed for Users in Multiple Science Fields

This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 653782.

EuPRAXIA delivers: 
Ultra-short pulses of 
X rays, up to 5 GeV 
electrons, high 
energy positrons

proteins, viruses, bacteria, cells, metals, semiconductors, superconductors, magnetic materials, organic molecules

R. Assmann - IFAST Workshop - 30 March 2022↑



This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 653782.R. Assmann - IFAST Workshop - 30 March 2022
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Horizon 2020
EuPRAXIA Deliverables and User Interests

EuPRAXIA is designed to 
deliver at 10-100 Hz ultra-
short pulses of 
• Electrons (0.1-5 GeV, 30 pC) 
• Positrons (0.5-10 MeV, 106)
• Positrons (GeV source)
• Lasers (100 J, 50 fs, 10-100 Hz)
• Betatron X rays (5-18 keV, 1010)
• FEL light (0.2-36 nm, 109-1013)

Expressions of interest from 95 
research groups representing 
several thousand scientists in total.

R. Assmann - IFAST Workshop - 30 March 2022 63
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This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 653782.

European Plasma Research Accelerator with eXcellence In Applications

Functionality Demonstrated: Free Electron Laser

M. Ferrario et al, LNF-INFN

Submitted to Nature

Breakthrough LNF, 
SIOM: 

Experimental proof 
that plasma 
accelerated electron 
beams are good 
enough for free-
electron lasers (and 
colliders?)

R. Assmann - IFAST Workshop - 30 March 2022↑



This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 653782.

European Plasma Research Accelerator with eXcellence In Applications

Already working today: Medical Imaging

Laser plasma based 
betatron X ray source

from J.M. Cole et 
al, John-Adams-
Institute, UK

R. Assmann - IFAST Workshop - 30 March 2022↑



Horizon 2020

R. Assmann - IFAST Workshop - 30 March 2022

Fully plasma-based beamline for 
generating betatron radiation as a 
compact X-ray source for medical 
imaging and material analysis. 
The user area is behind the wall on 
the right.

EuPRAXIA facility rendering picture 66
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This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 653782.

European Plasma Research Accelerator with eXcellence In Applications

Positron Annihilation Spectroscopy

Courtesy M. Butterling, HZDR

• EuPRAXIA would provide access 
to unique regime of detecting 
small defects at large penetration 
depths

• Does not require highest quality 
of electron beam

Gianluca Sarri et al

R. Assmann - IFAST Workshop - 30 March 2022↑



Horizon 2020

Fully plasma-based beamline for generating electron and positron
beams. The accelerator stages can be seen in the front. In the back 
the beamline splits and leads to two user areas behind the back wall. 

EuPRAXIA facility rendering picture 68
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Horizon 2020

R. Assmann - IFAST Workshop - 30 March 2022

Collaboration Board
1 representative per Member & Observer

1 Chair and 1 Deputy Chair

Project Coordinator
+ Management Team Steering Committee

Project Clusters (WPs)

Theory & 
Simulation

Laser 
Technology

Plasma 
Components 
& Systems

RF 
Technology

Magnets & 
Other 

Beamline 
Components

Diagnostics Applications

Transfor-
mative

Innovation 
Paths

Training, 
Outreach 

& Dissemi-
nation

Implemen-
tation & 
Layout

Central EuPRAXIA Management

EUROPEAN
PLASMA RESEARCH ACCELERATOR WITH

EXCELLENCE IN APPLICATIONS

National projects and facilities Individual groups at universities
and laboratories

Technical Design 
Report

Construction Site
(tbd in 2023)

Laser-driven plasma accelerator
Delivers FEL light, X rays, electrons, 

positrons
Life sciences, medicine, materials

Four candidate sites described in 
conceptual design report

EuPRAXIA Organisation Chart

Construction Site Frascati

Beam-driven plasma accelerator
Delivers FEL light, X rays, electrons, positrons

Life sciences, particle physics, medicine, materials

Location: metropolitan 
area Rome, Italy

Excellence Centres

Technical design 
tests, prototyping, 

production

EuPRAXIA 
user e-needs
infrastructure

Plasma 
Simulations & 

Theory

Plasma 
Acceleration & 
High-Rep-Rate 
Developments

Technology 
Incubator to 

Laser Science 
Users

Laser-Plasma 
Acceleration & 

FEL 
Developments

Advanced 
Application 
Beamlines

Organization for initial Preparatory Phase in dark blue

Features to be added with decision on second site or in later 
phases are indicated in lighter shades

Scientific & Technical Advisory Committee

Open Innovation Forum

User Meetings & Program Committees

Resource Review Board

Quality Assurance Panel

Ethical Advisory Board

Advisory & Oversight Boards Co-funded by the 
European Union

Im
plem

entation
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Horizon 2020
EuPRAXIA Schedule

European World-
Class RI on compact
accelerators for the
end of the 2020‘s to the
beginning of the 2060‘s

More detail 
in Master 
Schedule

SUCCESS – ON TRACK

R. Assmann - IFAST Workshop - 30 March 2022 71
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Horizon 2020
Concept Distributed Research Infrastructure

Collaboration Board
1 representative per Member & Observer

1 Chair and 1 Deputy Chair

Project Coordinator
+ Management Team Steering Committee

Project Clusters (WPs)

Theory & 
Simulation

Laser 
Technology

Plasma 
Components 
& Systems

RF 
Technology

Magnets & 
Other 

Beamline 
Components

Diagnostics Applications

Transfor-
mative

Innovation 
Paths

Training, 
Outreach 

& Dissemi-
nation

Implemen-
tation & 
Layout

Central EuPRAXIA Management

EUROPEAN
PLASMA RESEARCH ACCELERATOR WITH

EXCELLENCE IN APPLICATIONS

National projects and facilities Individual groups at universities
and laboratories

Technical Design 
Report

Construction Site
(tbd in 2023)

Laser-driven plasma accelerator
Delivers FEL light, X rays, electrons, 

positrons
Life sciences, medicine, materials

Four candidate sites described in 
conceptual design report

EuPRAXIA Organisation Chart

Construction Site Frascati

Beam-driven plasma accelerator
Delivers FEL light, X rays, electrons, positrons

Life sciences, particle physics, medicine, materials

Location: metropolitan 
area Rome, Italy

Excellence Centres

Technical design 
tests, prototyping, 

production

EuPRAXIA 
user e-needs
infrastructure

Plasma 
Simulations & 

Theory

Plasma 
Acceleration & 
High-Rep-Rate 
Developments

Technology 
Incubator to 

Laser Science 
Users

Laser-Plasma 
Acceleration & 

FEL 
Developments

Advanced 
Application 
Beamlines

Organization for initial Preparatory Phase in dark blue

Features to be added with decision on second site or in later 
phases are indicated in lighter shades

Scientific & Technical Advisory Committee

Open Innovation Forum

User Meetings & Program Committees

Resource Review Board

Quality Assurance Panel

Ethical Advisory Board

Advisory & Oversight Boards Co-funded by the 
European Union

R. Assmann - IFAST Workshop - 30 March 2022 72
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Horizon 2020

Single-Entry Point for Access, Alignment of 
European Resources 

R. Assmann - IFAST Workshop - 30 March 2022

Alignment of scientific goals
& resources

Policy of open innovation 
and open science 

Single point of 
access under 

EuPRAXIA rules

Bringing benefits of compact 
technology to external users

Defending and strengthening EU leadership 
in this field (world-wide 1st RI concept of this kind)
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Horizon 2020
Site 1: EuPRAXIA@SPARClab

R. Assmann - IFAST Workshop - 30 March 2022

• Frascati`s future facility
• > 108 M€ invest funding
• Beam-driven plasma

accelerator
• Europe`s most compact

and most southern FEL
• The world`s most

compact RF accelerator
(X band with CERN)
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Horizon 2020
Reminder: Candidate 2nd Sites from CDR

R. Assmann - IFAST Workshop - 30 March 2022

PWASC

@ EPAC

CNR Campus Pisa

Rutherford, STFC, UK

Prague, 
Czech 
Republic
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Horizon 2020

Legal/Political Technical Financial

Compliance of host institution with 
EuPRAXIA Access Policy

Site provides sufficient space (about 
175 m x 35 m)

Commitment to sustainability of 
EuPRAXIA (host lab covers site 

operation costs) 

Compliance of host institution with 
EuPRAXIA Open Innovation and 

Open Science Policy

Laboratory has infrastructures in 
one or several of RF accelerators, 

laser installations, user access.

Previous investments into local 
infrastructures of relevance for 

EuPRAXIA (leverage effect)

Agreement of host institution with 
the long-term scientific agenda of 

EuPRAXIA

Site provides required services and 
facilities for support of external 
users, including E infrastructure

Existence of one or a mix of funding 
sources able to finance 

implementation of the site

Selection Criteria 2nd EuPRAXIA Site
(from CDR, fulfilled by 1st Site LNF/INFN)

R. Assmann - IFAST Workshop - 30 March 2022

Laboratory has existing groups in place to guarantee safety
requirements (laser, radio-protection, access control) and rules

Note: approach reduces cost (pre-invest) 
and risks of cost-overun.
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R. Assmann - IFAST Workshop - 30 March 2022

IMPORTANT: EuPRAXIA design includes RF injectors, transfer lines, undulator lines, shielding, ...

Realistic intermediate goals at established labs: 
• 150 MeV à 1 GeV à 5 GeV (FEL + other applications) 

• 1 plasma stage à 2 plasma stages à multiple

• factor 3 facility size reduction à factor 10 à ...

• Low charge, 10 Hz apps of e- (+ positron generation) 
à high charge, 10 Hz applications (FEL) à 100 Hz 77
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Horizon 2020
Phased Implementation of Construction Sites

RF 
Injector

RF 
Accelerator

Plasma 
Accelerator

Plasma 
Accelerator

Conversion & 
conditioning

Undulator
FEL user area 1

ICS X-ray source 
user area (BU3)

laser

electrons

positrons

HEP detector test 
user area

Beamline BB-A: Radiation sources

Beamline BB-B: GeV-class positrons & HEP detector test stand

FEL user area 2

GeV-class positron 
user area

INFN (Italy): 
Facility for beam-driven

plasma accelerators Undulator

Plasma Injector

Plasma Injector Plasma 
Accelerator

Plasma 
Accelerator

RF Injector

Conversion & 
conditioning

Life-science & materials X-
ray imaging user area

Laser

Facility for laser-driven
plasma accelerators

Beamline LB-A: FEL

Beamline LB-B: Positron beam source & table-top test beam 

Beamline LB-C: X-ray imaging – life sciences & materials  

FEL user area 1

FEL user area 2

Table-top test beam 
user area

Ultracompact positron 
source user area

Undulator Undulator

R. Assmann - IFAST Workshop - 30 March 2022

Consider a phased implementation
of beamlines and user areas to
reduce risks and control costs better
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Phased Implementation of Construction Sites

Plasma Injector Plasma 
Accelerator

Plasma 
Accelerator

RF Injector

Conversion & 
conditioning

Laser

Facility for laser-driven
plasma accelerators

Beamline LB-A: FEL

Beamline LB-B: Positron beam source & table-top test beam 

FEL user area 1

Ultracompact positron 
source user area

Undulator

Laser-driven Beam-driven

Phase 1 ü FEL beamline to 1 GeV
+ user area 1

ü Ultracompact positron 
source beamline + 
positron user area

ü FEL beamline to 1 
GeV + user area 1

ü GeV-class positrons 
beamline + positron 
user area

Phase 2 ü X-ray imaging 
beamline + user area

ü Table-top test beams 
user area

ü FEL user area 2

ü FEL to 5 GeV

ü ICS source beamline + 
user area

ü HEP detector tests 
user area

ü FEL user area 2

ü FEL to 5 GeV

Phase 3 ü High-field physics 
beamline / user area

ü Other future 
developments

ü Medical imaging 
beamline / user area

ü Other future 
developments

RF 
Injector

RF 
Accelerator

Plasma 
Accelerator

Plasma 
Accelerator

Conversion & 
conditioning

Undulator
FEL user area 1

laser

electrons

positrons

Beamline BB-A: Radiation sources

Beamline BB-B: GeV-class positrons & HEP detector test stand

GeV-class positron 
user area

INFN (Italy): 
Facility for beam-driven

plasma accelerators

R. Assmann - IFAST Workshop - 30 March 2022 79
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Horizon 2020
Phased Implementation of Construction Sites

RF 
Injector

RF 
Accelerator

Plasma 
Accelerator

Plasma 
Accelerator

Conversion & 
conditioning

Undulator
FEL user area 1

ICS X-ray source 
user area (BU3)

laser

electrons

positrons

HEP detector test 
user area

Beamline BB-A: Radiation sources

Beamline BB-B: GeV-class positrons & HEP detector test stand

FEL user area 2

GeV-class positron 
user area

INFN (Italy): 
Facility for beam-driven

plasma accelerators Undulator

Plasma Injector

Plasma Injector Plasma 
Accelerator

Plasma 
Accelerator

RF Injector

Conversion & 
conditioning

Life-science & materials X-
ray imaging user area

Laser

Facility for laser-driven
plasma accelerators

Beamline LB-A: FEL

Beamline LB-B: Positron beam source & table-top test beam 

Beamline LB-C: X-ray imaging – life sciences & materials  

FEL user area 1

FEL user area 2

Table-top test beam 
user area

Ultracompact positron 
source user area

Undulator Undulator

Laser-driven Beam-driven

Phase 1 ü FEL beamline to 1 GeV
+ user area 1

ü Ultracompact positron 
source beamline + 
positron user area

ü FEL beamline to 1 
GeV + user area 1

ü GeV-class positrons 
beamline + positron 
user area

Phase 2 ü X-ray imaging 
beamline + user area

ü Table-top test beams 
user area

ü FEL user area 2

ü FEL to 5 GeV

ü ICS source beamline + 
user area

ü HEP detector tests 
user area

ü FEL user area 2

ü FEL to 5 GeV

Phase 3 ü High-field physics 
beamline / user area

ü Other future 
developments

ü Medical imaging 
beamline / user area

ü Other future 
developments
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Horizon 2020
Phased Implementation of Construction Sites

RF 
Injector

RF 
Accelerator

Plasma 
Accelerator

Plasma 
Accelerator

Conversion & 
conditioning

Undulator
FEL user area 1

ICS X-ray source 
user area (BU3)

laser

electrons

positrons

HEP detector test 
user area

Beamline BB-A: Radiation sources

Beamline BB-B: GeV-class positrons & HEP detector test stand

FEL user area 2

GeV-class positron 
user area

INFN (Italy): 
Facility for beam-driven

plasma accelerators Undulator

Plasma Injector

Plasma Injector Plasma 
Accelerator

Plasma 
Accelerator

RF Injector

Conversion & 
conditioning

Life-science & materials X-
ray imaging user area

Laser

Facility for laser-driven
plasma accelerators

Beamline LB-A: FEL

Beamline LB-B: Positron beam source & table-top test beam 

Beamline LB-C: X-ray imaging – life sciences & materials  

FEL user area 1

FEL user area 2

Table-top test beam 
user area

Ultracompact positron 
source user area

Undulator Undulator

Laser-driven Beam-driven

Phase 1 ü FEL beamline to 1 GeV
+ user area 1

ü Ultracompact positron 
source beamline + 
positron user area

ü FEL beamline to 1 
GeV + user area 1

ü GeV-class positrons 
beamline + positron 
user area

Phase 2 ü X-ray imaging 
beamline + user area

ü Table-top test beams 
user area

ü FEL user area 2

ü FEL to 5 GeV

ü ICS source beamline + 
user area

ü HEP detector tests 
user area

ü FEL user area 2

ü FEL to 5 GeV

Phase 3 ü High-field physics 
beamline / user area

ü Other future 
developments

ü Medical imaging 
beamline / user area

ü Other future 
developments
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Horizon 2020

Future development paths & potential long-
term science program activities

1. High power laser technology
1.1 High repetition rate

1.2 High average power

2. Accelerator technology
2.1 Staging towards high energies

2.2 Compact diagnostics

2.3 Hybrid plasma acceleration &                                                   
other novel injection concepts

2.4 Beam control & quality

2.5 Ultrashort beams3. Plasma-based FEL
3.1 Higher photon flux

3.2 Lower wavelength

3.3 Compact beamline com-
ponents (undulators, magnets, etc.)

3.4 Ultrashort beams

3.5 Seeded FEL

4. Plasma accelerator applications: method 
development & application

4.1 Medical imaging

4.2 High-energy physics detectors

4.3 Material analysis (cargo scanning, structural analysis)

4.4 Positron generation and acceleration

https://commons.wikimedia.org/wiki/File:T
ORNAI-SpectrumOfMedicalImaging.jpg
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Horizon 2020
Examples of EuPRAXIA Ideas and Innovation

R. Assmann - IFAST Workshop - 30 March 2022 84
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Horizon 2020

R. Assmann - IFAST Workshop - 30 March 2022

Is it really useful beam?

Remarkable progress – faster than planned for:

It can drive an FEL lasing process –
sufficient coherency!

85
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Horizon 2020
Nature July 2021

R. Assmann - IFAST Workshop - 30 March 2022

Recent ground-breaking result in China
500 MeV electron beam from a laser wakefield accelerator

FEL lasing amplification of 100 reached at 27 nm wavelength
(average radiation energy 70 nJ, peak up to 150 nJ)
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Horizon 2020
Nature Coming Soon (Accepted)

R. Assmann - IFAST Workshop - 30 March 2022 87

↑ First SASE-FEL Lasing at SPARC_LAB 
in a beam-driven plasma 

accelerator



Horizon 2020
SPARC_LAB at Frascati

R. Assmann - IFAST Workshop - 30 March 2022

PWF
A

Ext-LWFA

Self-LWFA
TNSA

Thomson

TH
z

FE
L

EO
S
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SPARC_LAB is the test and
training facility at LNF for
Advanced Accelerator
Developments (since 2005)



Horizon 2020
Assisted Beam Loading Energy Spread Compensation

R. Assmann - IFAST Workshop - 30 March 2022 89
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Horizon 2020
Nature Coming Soon (Accepted)

R. Assmann - IFAST Workshop - 30 March 2022

Single Spike SASE spectrum

FEL Energy gain along the undulators:

First SASE-FEL Lasing at SPARC_LAB 
in a beam-driven plasma 

accelerator
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Horizon 2020
Solving Energy Spread (Touschek Prize 2020)

Plasma mirror
(laser 1 

removal)

Plasma accel. 

stage 1
Active plasma lens

Active plasma lens

Plasma mirror
(coupling of laser 

2)

Magnetic chicane

Laser 1

Electron beam

Laser 2

Plasma accel. 

stage 2

Not to scale. Compact setup 1.5 m.

Coherent Synchrotron Radiation 

(CSR) and Space-Charge

checked

Ref.: Ferran Pousa, Martinez de la Ossa, Brinkmann, Assmann
PRL 123, 054801 (2019)

... flipping phase space 
in the middle before 
second plasma stage

Accelerating in a 
plasma stage and... 

R. Assmann - IFAST Workshop - 30 March 2022 91
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Horizon 2020
Low Energy Spread with 2 Stages

R. Assmann - IFAST Workshop - 30 March 2022

Much better than a single stage performance
Prize to pay: control beam dynamics in the chicane à micro-bunch instability to be controlled (known from big accelerators)

Ref.: Ferran Pousa, Martinez de la Ossa, Brinkmann, Assmann. PRL 123, 054801 (2019)
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Horizon 2020
Solving Energy Spread

5 – 30 pC

10 pC – 1 nC Current FEL Facilities

300 – 400 pC

1 – 500 pC Energy Spread
EuPRAXIA points indicate 
start-to-end simulations

R. Assmann - IFAST Workshop - 30 March 2022 93
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This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 653782.

European Plasma Research Accelerator with eXcellence In Applications

Beam Transport Design

A. Chance et al

• Here: high energy 
beam transport 
over 8 meters

• Preserved beam 
quality is achieved 
in the design

• Space has 
important benefits

R. Assmann - IFAST Workshop - 30 March 2022↑



This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 653782.

European Plasma Research Accelerator with eXcellence In Applications

Solve external timing for laser-driven plasma acc.

R. Assmann - IFAST Workshop - 30 March 2022↑



Horizon 2020
Spin Polarization | Hybrid Plasma Accelerators

• e+e- colliders and physics reach enhanced by spin 
polarized beams

• International Partners: Germany, Greece, China, and 
USA à facilities involved at FZJ, Shanghai, ...

• Use a laser-generated electron beam for driving 
plasma wakefields in a second stage à HQ electron 
beam from ultra-compact setup

• Several facilities involved at HZDR, Strathclyde, ... 

R. Assmann - IFAST Workshop - 30 March 2022 96
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Horizon 2020

Limits in Energy Spread
Gedankenexperiment – Zero Bunch Length

R. Assmann - IFAST Workshop - 30 March 2022

n0 = 1017 cm-320 fs

Here, longitudinal 
field independent of 
radial position

Zero bunch length à
all particles at same 
longitudinal coord. 
and see the same 
acceleration.

Why does energy 
spread not go to 
zero for zero bunch 
length?

Infinitesimally short bunch will not see any slope of accelerating voltage
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Horizon 2020

Limits in Energy Spread
Strong plasma focusing: Betatron motion

R. Assmann - IFAST Workshop - 30 March 2022

• A plasma has a very strong focusing field in
both planes. 

• Focusing strength and phase advance 
depends on plasma density.

• Experiment with a beam-driven plasma at 
SLAC in 2001: Send an electron beam into a 
plasma and measure beam sizes at exit point.
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Horizon 2020

Limits in Energy Spread
Strong plasma focusing: Betatron motion and X rays

R. Assmann - IFAST Workshop - 30 March 2022

• If an electron beam is injected mis-
matched into a plasma, we expect strong 
beta mismatch oscillations of the beam 
size.

• The oscillating electrons should radiate X 
rays.

• This was seen in a SLAC experiment in 
2001.

• Plasma acts as undulator!
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Horizon 2020

Limits in Energy Spread
Now: Is there an Impact? à Transverse Oscillations
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+ 1 s
normalized 
oscillation 
amplitude

- 1 s
normalized 
oscillation 
amplitude

0 s normalized 
oscillation 
amplitude

All electrons inside the bunch perform oscillations, assume relativistic electrons à all light velocity
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All electrons inside the bunch perform oscillations, assume relativistic electrons à all light velocity
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All electrons inside the bunch perform oscillations, assume relativistic electrons à all light velocity
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All electrons inside the bunch perform oscillations, assume relativistic electrons à all light velocity

+ 1 s
normalized 
oscillation 
amplitude

- 1 s
normalized 
oscillation 
amplitude

0 s normalized 
oscillation 
amplitude

Difference in path lengths à large oscillation particles have longer way à fall back and create banana shape
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Differences in Path Length and Arrival Time

R. Assmann - IFAST Workshop - 30 March 2022

• Usually subtle effects become relevant for plasma accelerators with 
ultra-strong focusing fields and sub-femtosecond bunch lengths.

• Beam electrons have different transverse oscillation amplitudes A0 and 
therefore different path lengths.

• Consequences:

Increased bunch 
length

Correlated 
energy spread

Slice mixing Uncorrelated (slice) 
energy spread

Observed in 2014 by Assmann and Grebenyuk (IPAC’14)

Relevant for FEL applications 

These dynamics were already pointed out by A. Reitsma and D. Jaroszynski, but no 
further studies (Laser Part. Beams 2004)

Here: Development of the first analytical model that describes these effects 
and limitations accurately for a particle bunch.

Realistic plasma accelerator 
simulation demonstrating 
bunch length generation and 
banana shape
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Uncorrelated Energy Spread of an Electron Bunch

R. Assmann - IFAST Workshop - 30 March 2022

A. Ferran-Pousan, R. Assmann, et al

• Comparison between analytical model and a full PIC simulation (OSIRIS) for an initial zero longitudinal 
momentum spread.

General rule!

There is always this maximum when the energy is increased by factor 9 Excellent agreement with simulations

Final / Initial beam energy

Final
slice
energy
spread 0.05 %

Witness beam parameters:

Blowout regime (beam driven)
GeV energy gain

Maximum when
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Uncorrelated Energy Spread of an Electron Bunch

R. Assmann - IFAST Workshop - 30 March 2022

A. Ferran-Pousan, R. Assmann, et al

Betatron slippage

Betatron radiation (P. Michel, 2006, Phys. 
Rev. E)

Slippage will typically dominate for energies up to ~10 GeV. Relevant for FEL 
applications.

Slippage-dominated Radiation-dominated

Main parameters:

Blowout regime
Sl

ic
e 

en
er

gy
 s

pr
ea

d
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Uncorrelated Energy Spread of an Electron Bunch

R. Assmann - IFAST Workshop - 30 March 2022

A. Ferran-Pousan, R. Assmann, et al

• Test for different injection 
energies, emittance and 
plasma densities on a 
1GeV stage.

• Beam driver.

• Blowout regime.
• Matched witness beam.

Made with
Inject with low emittance, high energy. Use low 
plasma density.

1 GeV

0.01 %

1 %

1018 cm-3
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